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Abstract

Introduction: This paper provides a review of the
practice of liver transplantation with the main emphasis
on UK practice and indications for transplantation.
Referral and Assessment: This section reviews the
process of referral and assessment of patients with
liver disease with reference to UK practice.
Donor Organs: The practice of brainstem death and
cadaveric organ donation is peculiar to individual
countries and rates of donation and potential areas
of improvement are addressed.
Operative Technique: The technical innovations that
have led to liver transplantation becoming a semi-
elective procedure are reviewed. Specific emphasis is
made to the role of liver reduction and splitting and
living related liver transplantation and how this impacts
on UK practice are reviewed. The complications of liver
transplantation are also reviewed with reference to
our own unit. Immunosuppression:   The   evolution
of immunosuppression and its impact on liver
transplantation are reviewed with some reference to
future protocols. Retransplantation: The role of
retransplantation is reviewed.
Outcome  and  Survival:  The  results  of  liver
transplantation are reviewed with specific emphasis
on our own experience.
Future: The future of liver transplantation is addressed.

Subject headings liver transplantation; review; Great
Britain; human
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INTRODUCTION
Recent years have seen dramatic changes in the practice of
liver transplantation. In 1980 in Europe fewer than 30 liver
grafts were performed compared to over 3000 in 1995 (Figure 1).
During this period liver transplantation has evolved from a rare
procedure in patients with end-stage liver disease, to a semi-
elective operation with current predictable success rates of
approximately 90% in patients with chronic disease.
     In the early period of liver transplantation it was reserved
for patients with end stage chronic l iver disease or
unresectable primary liver malignancy, but in recent years
there has been a considerable broadening of the accepted
indications. Improving results have led to liver transplantation
becoming a semi-elective procedure with both quantity and

quality of life being of major concern. Patients who may not be
in immediate risk of death from liver decompensation but have
significantly impaired quality of life are now considered as
candidates.

Figure 1 Evolution of european liver transplantation.

     The current indications can be classified into four broad
groups; chronic liver failure, acute liver failure, primary hepatic
malignancy not treatable by conventional resection and inborn
errors of metabolism due to a liver based enzyme defect but
without parenchymal liver disease (Table 1).
      Chronic liver failure is the most common indication for liver
replacement and can be caused by a wide variety of diseases
including autoimmune, viral, congenital and alcohol induced
liver disease. Primary biliary cirrhosis (PBC) is the commonest
indication for liver transplantation in the UK. Several studies
on survival in PBC have led to the development of a
prognostic index that is helpful in planning the timing of
liver replacement[1]. Primary sclerosing cholangitis (PSC) is a
condition that is usually found in patients with inflammatory
bowel disease. Progression of PSC is less predictable than PBC
but approximately 30% of patients with PSC will develop
cholangiocarcinoma that is usually incurable at diagnosis.
Autoimmune hepatitis (AIH) is less common than PBC and
PSC but immunosuppressive therapy can delay progression.
Excess immunosuppression prior to transplantation however,
may increase the morbidity and mortality associated with liver
replacement and the optimal timing of liver replacement is a
finely balanced decision.
     An estimated 300 million people worldwide carry the
hepatitis B virus (HBV). In Western Europe and North America
the carrier rate is low (0.5%) and is mainly confined to high-
risk groups including intravenous drug users, homosexuals
and immigrants from high prevalence areas. HBV is a
significant problem however, because of the risks of early
recurrence after liver replacement. Patients who are HBV-DNA
positive at time of transplant develop rapid recurrence with
early death. The results of trials of antiviral therapy using
agents   such  as   lamivudine  and  HBV  specif ic
immunoglobulins prior to transplantation suggest that viral
replication can be suppressed prior to and post liver
replacement with encouraging early results[2-5]. Hepatitis C



virus (HCV) is an increasing public health problem. Most
patients seen in the UK have become infected following
transfusion of blood products or from intravenous drug abuse.
The development of cirrhosis following HCV infection is slow
but with a significant risk of subsequent hepatocellular
carcinoma development [6].  Recurrence of HCV after
transplantation is common but not usually problematic in the
early years[7,8]. The evolving strategies for anti-viral therapy in
this group of patients are likely to have a significant impact on
survival in this group of patients[9-11].
     Alcoholic liver disease (ALD) is the commonest cause of
cirrhosis in many parts of the western world although during
the evolution of liver transplantation very few cases were
accepted. Many transplant physicians were initially reluctant
to consider liver replacement in these patients because of the
risks of returning to alcohol and public attitudes[12]. The
alcoholic who can prove abstinence prior to grafting has an
equivalent survival to those transplanted for other chronic liver
disease and recidivism is surprisingly uncommon[13]. There
has therefore been an increasing pressure to acceptre formed
alcoholics and an increasing proportion are now being
grafted[14].
     The commonest cause of chronic liver failure in children is
biliaryatresia. If diagnosed early and treated surgically with a
portoenterostomy (Kasai operation), the progression of liver
disease is delayed and up to 40% of children will survive long
term[15]. Many children however, will develop end stage liver
disease and die within the first few years of life if not
transplanted. Failure to thrive is a common sequelae of chronic
liver disease in children and should be considered an indication
for grafting.
     The development of hepatic encephalopathy within eight
weeks of onset of symptom s in a patient without previous liver
disease is defined as acute fulminant hepa tic failure (AFHF)[16].
Sub-acute or late onset hepatic failure has al so been recognised
with encephalopathy developing between eight weeks and six
months of onset of symptoms. The commonest causes of AFHF
in the UK include drugs and toxins[17-20], viral hepatitis (Hepatitis
A, B, and non-A non-B)[21,22] and miscellaneous causes including
Wilson’s disease, fatty liver of pregnancy and Budd-Chiari
syndrome[23-26]. Specific prognostic factors for spontaneous

recovery from AFHF have been published and are helpful in
decision making about transplantation[27].
      An increasing number of inborn errors of metabolism with a
deficiency of a single hepatic enzyme are being treated by liver
transplantation, even though the liver is otherwise structurally
and functionally normal (Table 1). Timing is important and
transplantation should be performed before irretrievable
damage is don e to other organs e.g. renal failure in primary
oxalosis or cerebral damage in Crigler-Najjar syndrome[28,29].
      Hepatocellular carcinoma (HCC) is the commonest primary
liver malignancy and although it is rare in the UK it is one of the
commonest cancers worldwide[30]. The majority of cases occur
in the background of liver cirrhosis with the presence of HCV
and HBV being additional risk factors (Figure 2). It has been
recommended that transplantation be restricted to patients
with HCC who have lesions up to 3 cm and up to three in
number[31-33]. There are other rare unresectable hepatic tumours
that are occasionally conside red for transplantation. These
include epithelioid haemangioendothelioma, sarcomata,
cholangiocarcinoma   and   secondary   neuroendocrine
tumours[34-36]. Hilar cholangiocarcinomas almost invariably recur
early after grafting and are no longer considered appropriate
candidates[37].

Figure 2 CT Scan showing HCC in cirrhotic liver with ascites and
splenomegaly.
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Table 1 Common indications for liver transplantation

      Birmingham series

   n   %

Chronic liver failure Primary biliary cirrhosis 434 24.7
Primary sclerosing cholangitis 158   9
Autoimmune chronic active hepatitis   96   5.5
Alcoholic cirrhosis 122   6.9
Cryptogenic cirrhosis   92   5.2
HBV or HBC cirrhosis 165   9.4
Biliary atresia 142   8
Alpha-1 anti-trypsin deficiency   65   3.7
Budd-Chiari syndrome                                                                   8   0.1

Acute liver failure Viral hepatitis (non-A, non B, HBV, HAV)   10   8
Drugs (Paracetamol, anti-tuberculosis therapy, halothane)   66   3.8
Toxins and solvents                                                                        0

Primary hepatic malignancy Unresectable HCC   20   0.4
Small HCC in cirrhotic liver   78 10.2

Inborn errors of metabolism Crigler-Najjar type 1                                                                       1   0.05
Proprionic acidaemia                                                                     6   0.08
Primary oxalosis                                                                             8   0.1
Urea cycle defects                                                                           0



REFERRAL AND ASSESSMENT
In patients with acute or chronic liver failure timely referral is
necessary if a successful outcome is to be achieved[38-40]. Many
patients with chronic liver disease can remain stable for long
periods and decompensation may occur secondary to a
complication such as variceal bleeding, portal vein thrombosis,
development of hepatic malignancy or spontaneous bacterial
peritonitis. The ability to intervene before any major
deterioration is dependent on the recognitio n of early indicators
of disease progression; in cholestatic conditions (PBC and
PSC) the level of bilirubin is an obvious indicator of the
underlying disease severity and is likely to lead to an early
referral for specialist opinion but for many liver conditions the
appearance of jaundice is a late feature and other signs of a
deterioration in liver synthetic function, such as a falling albumin
or rising prothrombin time are a better indicator of the need for
referral.
    A multi-disciplinary team including hepatologists and
transplant surgeons usually assess patients in the UK. A careful
review is required to determine the diagnosis of the liver disease
and this will include a specialist pathologist at the transplant
centre reporting on the liver histology. Often patients who
drink moderate amounts of alcohol are labelled as having
alcoholic liver disease but an open mind for these cases is
encouraged because modest alcohol intake may unmask an
underlying liver condition such as alpha-1 anti-trypsin
deficiency or haemochromatosis[41,42].
      Assessment for transplantation includes both physical fitness
for major surgery as well as psychological evaluation and
counselling. A detailed evaluation of the cardio-respiratory
system is often indicated and this may require ECG,
echocardiogram, exercise ECG, coronary angiography and
pulmonary artery catheter isation in those with evidence of
ischaemic heart disease, pulmonary hypertension or suspected
major pulmonary shunts as seen in the hepatopulmonary
syndrome[43].
      Technical considerations such as patency of the portal vein
are also required an d this can be determined by Doppler
ultrasound, angiography, spiral computerised tomography (CT)
or magnetic resonance imaging (MRI). An absent portal vein is
not a contraindication to transplantation if a patent superior
mesenteric vein or large coronary vein can be identified which
would be suitable for anastomosis to the donor portal vein[44].
Patients with primary HCC require detail ed investigation for
evidence of disease outside the liver and this should include
laparoscopy to detect peritoneal disease or transcapsular
spread [45],  isotope bone scanning and computerised
tomographic studies of the abdomen and chest. Difficulty may
occur in patients with PSC in trying to differentiate between
malignant and benign hilar strictures (Figure 3). In our series
malignancy was present in 25% of the patients with significant
biliary dilatation but that pre-transplant diagnosis was difficult
(unpublished data).

Figure 3  Cholangiogram showing dominant hilar stricture in a patient
with PSC.

DONOR ORGANS
The number of liver transplants performed annually in the UK
has remained largely stable over the last five years and this has
been despite a slight fall in the number of cadaveric organ
donors. The total number of liver transplants has been
maintained in the UK by an increase in the number of split liver
grafts perfor med and a wider use of more marginal liver donors.
Over the last ten years the introduction of seatbelt laws and
stricter drink driving legislation has reduced the number of
cadaveric donors being derived from road traffic accident
victims. Donor numbers have been largely maintained by
utilising older donors who have usually died from cerebro-
vascular disease and have concomitant co-morbidity. The use
of such marginal donors does not seem to have been at the
expense of worse outcomes. Successful outcome from liver
transplantation is possible even in haemodynamically unstable
donors and in those with abnormal liver function tests[46].
      Assessment of the liver by an experienced transplant surgeon
at time of retrieval is a useful guide to subsequent function but
if there is evidence of fatty change, a frozen section histological
assessment prior to implantation can be helpful[47-49]. A fit
recipient can often cope with a marginal graft but a poor recipient
will need a graft which functions well immediately for the best
chance for survival.
     Size matching of donor and recipient is attempted when
selecting a patient for a particular liver. Attempting to place a
large graft in a small recipient can cause major technical
problems. Patients with cholestatic diseases such as PSC and
particularly PBC often have large livers and will accept grafts
from significantly larger donors, as can patients with marked
ascites.
     Approximately 60% of potentially suitable organ donors
(approximately 1000 per year) are missed each year in the
UK[50]. UK organ donation rates remain some of the lowest in
Europe but a more aggressive approach to the identification
and confirmation of brainstem death and improved family
requesting could achieve significant improvements in organ
donation in the UK[51]. A number of initiatives such as presumed
donor consent and elective ventilation are currently being
considered[50].

OPERATIVE TECHNIQUE
Many factors can be identified which have contributed to the
improved early outcome after liver replacement. Semi-elective
daytime operating ensures that the surgical and anaesthetic
team produce the best technical results. The ability to store
livers long enough to allow this came from the development of
University of Wisconsin preservation fluid which allows
satisfactory immediate graft function for storage periods of
eighteen hours or more[52].
     Meticulous attention to haemostasis has been aided by
developments in surgical techniques and instruments
(conventional diathermy, argon beam coagulator, fibrin glue,
etc.). The monitoring of coagulation parameters in the operating
room with the help of the thromboelastogram (TEG) means that
blood coagulation is optimised and that predictable
deteriorations in clotting which often occur on reperfusion can
be anticipated and minimised[53]. The role of anti-fibrinolytic
agents such as aprotinin (Trasyslol) and human recombinant
factors (Novoseven) remains unclear but are the subject of
clinical study[54,55].

Technical innovations
The introduction of venovenous bypass for the anhepatic phase
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produced a significant stabilisation of haemodynamic
parameters during portal vein and caval clamping with a clear
reduction in transfusion requirements and an improvement in
renal function[56]. The alternative to venovenous bypass is to
preserve the vena cava at the time of hepatectomy and
anastomose the back of the donor vena cava to the front of the
recipient cava (piggyback technique)[57]. Several techniques
have been described but the piggyback technique is not without
its complications[58-62]. Most units currently utilise a combination
of techniques and a minority of units still perform liver
replacement without either bypass or the piggyback technique.
      Early techniques of biliary reconstruction involved utilising
the donor gall bladder as a conduit between the donor and
recipient duct. This technique has been abandoned because of
the almost universal development of stones in the conduit. An
end-to-end duct anastomosis is now the routine but this has
been followed by stricture formation in up to 13% of cases[63-65]

and techniques of anastomosing the ducts obliquely with the
ends spatulated or by utilising a side-to-side anastomosis are
gaining wider acceptance[66,67]. The use of a T-tube has been
abandoned by most units[63-65,68].

Liver reduction and splitting
The shortfall in size matched grafts for small children led to the
development o f reduced grafts in the mid 1980’s[69-71]. The most
commonly used technique is to transplant the left lateral lobe
segments II and III with venous outflow based on the left
hepatic vein which is anastomosed to the retained recipient
vena cava[72]. Weight ratios as high as ten-to-one between donor
and recipient have been reported[73] the ideal weight ratio
however, is four, five or six to one. Reduced liver grafts are not
without their comp lications[74] but there appears to be a low
incidence of hepatic artery thrombosis[75,76]. The introduction
of this technique has led to a significant reduction in mortality
from liver disease in children[77]. The techniques of graft
reduction have led to the development of splitting livers where
the left lobe (or left lateral segments) is transplanted into a
paediatric recipient and the right lobe is grafted usually into an
adult recipient (split-liver)[78-80]. This technique was developed
on the backbench following removal of the cadaveric donor
organ. The pro cedure can take approximately two hours and
during this time the donor organ is subject to some re-warming
that might be detrimental to its initial function. Recently the
technique of in situ splitting of cadaveric donor organs has
been developed as an extension of the development of living
related liver transplantation. The advant age of this technique
is that the splitting of the liver is performed during the warm
phase dissection prior to organ perfusion and cooling and the
organ is then not subject to re-warming during a subsequent
splitting procedure. The results of this technique appear to
result in better initial graft function[81-83].

Living related liver transplantation
In countries that do not have legal recognition of brainstem
death and therefore have no access to cadaveric organs, solid
organ transplantation has been limited to living related organ
donation and this has led to the development of living related
liver transplantation[84]. The increasing donor organ shortfall
with the increasing number of potential recipients; despite the
option of organ splitting, has meant that even in countries that
do  recognise  brainstem  death  living  related  liver
transplantation has had to be undertaken[85-88]. The organ

shortfall in the UK for patients with liver disease is less than in
other countries and the number of units performing this
procedure is small with only 12 being performed in 1999[89,90].
The greatest experience with this technique has been with adult-
to-child left lateral lobe because of the obvious size discrepancy
and donor to recipient weight ratios[91] but increasing experience
of the technique has led to the expansion of the technique to
include adult-to-adult donation[92-96]. The increasing demand
for liver transplantation in the UK and the reduction in
cadaveric donor organs[90] suggest that this technique is likely
to become established practice but careful preoperative
evaluation of the donor is needed[97-100].

Complications
The one-year survival following liver transplantation has
improved from approx imately 30% in the 1960s and 1970s to
more than 80% in the 1990s[14,101,102].
      The immediate complications following liver transplantation
include primary non -function, haemorrhage and acute renal
failure. The incidence of these is sign ificantly influenced by
the quality of the donor liver and technical aspects of the
transplant operation itself. Over the last 10 years in the UK
there has been an increase in the use of marginal organs[46] but
this has been offset by improvements in technical aspects of
the surgical procedure, per-operative anaesthetic management
and post-operative intensive care management. In our own
unit the incidence of these complications between 1985 to 1989
and 1995 to 1999 was; primary non-function 1.9% and 1.7%,
return to theatre for pack removal or haemorrhage 8.4% and 2.
4% and post-operative renal failure 18.6% and 16.4%
respectively (unpublished data). Despite the use of an
increasingly marginal donor pool the incidence of these
complications hastherefore reduced.
     Primary non-function may be due to pre-existing but occult
problems in the donor, poor retrieval or preservation, or injury
caused by reperfusion (post-reperfusion syndrome). The
clinical picture mimics acute fulminant hepatic failure and death
rapidly follow unless urgent regrafting can be undertaken.
Fortunately primary non-function is rare although primary
dysfunction occurs in 5% to 10% of cases and is associated
with a worse long-term outcome[103,104].
     The majority of routine liver transplants require minimal or
no transfused blood . In our own series 47% of liver transplants
required four units or less of blood per-operatively (unpublished
data). Patients with severe portal hypertension and previous
major upper abdominal operations can pose a major surgical
challenge, meticulous haemostasis, venovenous bypass,
warming of blood and blood products and strict control of
coagulation parameters will usually be effective.
     A significant number of transplant candidates already have
impaired renal function and a combination of factors lead to a
rise in the serum creatinine after surgery[105-107]. This will usually
respond to optimisation of hydration and pharmacological
manipulation but a proportion of patients will develop anuria
and require renal replacement therapy at least in the short
term[108].
     Histological evidence of acute rejection can be documented
in approximately 80% of liver grafts at the end of the first week
but many of these do not require ad ditional immunosuppression
if other parameters of graft function are improving[109].
Histological evidence of severe cellular rejection and less severe
histological forms associated with significant biochemical
abnormalities (approximately 30% of liver grafts) are usually
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treated with high dose steroids[110,111]. Steroid resistant rejection
may respond to other agents including monoclonal (OKT3)
and polyc lonal  an t ibodies  (ATG) or  by  swi tching
immunosuppression regimes[112,113]. Chronic or irreversible
rejection in the liver is a biliary rather than a vascular
phenomenon in which the small bile radicals are destroyed[114,115].
This can occur very early on after grafting and if progressive
leads to loss of the graft although predicting which patients
might require regrafting can be difficult[116,117]. Chronic rejection
accounts for approximately 5% of graft loss within the first
three to five years following transplantation[118]. Lower rates of
chronic rejection and graft salvage in early chronic rejection
may occur with newer immunosuppressive regimes[119-121].
Histological examination of the transplanted liver in stable long-
term patients often shows evidence of chronic post-transplant
hepatitis[122]. The causes of the histological changes are
unknown although unrecognised viral infections may be
responsible for some cases and the steroid sparing
immunosuppression regimes may also be partly responsible.
      Serious cytomegalovirus (CMV) infections tend to be primary
(transmitted by the donor liver) rather than reactivation
infections and should be avoidable if CMV-matched donors
are used. Clinical infection usually presents between four and
eight weeks with fever and leucopenia but asymptomatic sero-
conversion does not require treatment. This will respond well
to a combination of reduction in base line immunosuppression
and ganciclovir therapy[123]. The traditional se rological tests
vary between centres, take time and are less sensitive than
PCR tests[124]. In patients with symptoms specific to an organ
histologi cal analysis should be used in conjunction with PCR
tests[125,126].Significant CMV infection is associated with acute
rejection and may result in a worse long-term outcome[127]. The
routine use of prophylactic ganciclovir reduces the incidence
of clinical CMV infection although a high index of suspicion
and prompt treatment will also result in negligible mortality[128-132].
      Biliary complications are a significant problem in most units
undertaking liver transplantation and these include bile leaks,
anastomotic strictures, non-anast omotic strictures of the donor
bile duct and sludge formation. The overall incidence in adults
is approximately 10% but is higher in children[74,133]. In our own
series the overall incidence of biliary complications requiring
inte rvention is 12%, this rises to 27% in those patients
undergoing re-transplantation (unpublished data). The ability
to image the biliary tree effectively using ultrasound, MRI
cholangiography, endoscopic retrograde cholangiography
(ERCP) or percutaneous transhepatic cholangiography (PTC)
has led to most biliary complications being managed without
reoperation[134]. The presence of a major biliary disruption or an
associated biliary obstruction is an indication for urgent biliary
reconstruction[135]. Biliary obstruction without leakage will
usually be evident from simple ultrasound, can be confirmed
by ERCP or PTC and can usually be managed without recourse
to open surgery[136-138]. Non-anastomotic biliary strictures
involving the confluence or intra -hepatic bile ducts are a rare
but serious complication that were once attributed to prolonged
preservation times[139]. These strictures are complicated but a
proportion can be resolved using a PTC approach by a skilled
radiologist although a number of cases will require regrafting.
In any patient with a biliary complication patency of the hepatic
artery should be confirmed, as hepatic artery thrombosis will
cause ischaemia and necrosis of the biliary tree[140]. The late

biliary complications seen after transplantation are usually
obstruction with possible secondary sepsis and cholangitis.
The commonest cause is an anastomotic stricture, with or
without stone or sludge formation in the proximal dilated biliary
tree. An ERCP may enable duct clearance, dilatation of any
stricture and stent insertion. Most strictures will recur and
therefore formal biliary reconstruction is usually required.
      Hepatic arterial thrombosis (HAT) after liver transplantation
occurs most frequently in the first postoperative month and
leads to graft necrosis, intra-hepatic abscess or biliary necrosis
and bile leakage. In all suspected cases patency of the artery
should be checked with Doppler ultrasound and confirmed
with spiral CT or angiography[141-143]. Per-cutaneous attempts
at revascularizati on of stenosed or thrombosed hepatic arteries
can be attempted and urgent thromb ectomy has been
successful in some cases but the majority of cases of early
HAT will need regrafting[144-148]. Late arterial thrombosis may be
occult an d if asymptomatic can probably be ignored. In our
own series HAT has occurred in 4.6% of adult grafts and 9.1%
of paediatric grafts (unpublished data). Technical problems
account for the majority of cases but over transfusion at the
time of surgery, producing a high a haematocrit, has been
reported as a risk factor[149,150].
     Malignancy is well recognised as a potential complication
of long term immunosup pression. Longer survival is seen
with the liver compared to other solid organ transplants and
therefore the time exposed to the risk of malignancy is
greater. The most common malignancies seen secondary to
prolonged immunosuppression are the lymphoproliferative
diseases and lymphoma and skin malignancy [151,1 52].
Reduction in the level of immunosuppression is often
enough to treat lymphoproliferative disease[153]. A proportion
of liver transplants are performed for primary hepatic malignancy
and paradoxically the donor liver (free from malignancy at the
time of transplant) is the commonest site of recurrence. The
predilection for circulating malignant cells to return and then
grow in the liver is well recognised.

IMMUNOSUPPRESSION
The widespread introduction of cylosporine A in the early 1980s
was responsible for the improvement in liver graft survival from
35% to 70% survival at one-year[154]. Immunosuppression with
cylosporine, azathioprine and steroids remained the main
immunosuppressive regimen until the development of tacrolimus
in 1989[155]. Tacrolimus was initially used to salvage grafts failing
from rejection on cylosporine based regimens[156] but has
subsequent ly  been  increas ingly  used  as  f i r s t  l ine
immunosuppression by many units. Although structurally
different to cylosporine, it also acts by inhibiting calcineurin
and subsequent interleukin (IL) 2 production and therefore
prevents T cell proli feration[157]. Three prospective randomised
trials have compared the ef ficacy of tacrolimus and cylosporine
in liver transplant recipients[158-160]. The incidence of rejection
was significantly lower with tacrolimus in all studies but there
was no difference in one-year patient and graft survival. Long-
term follow up has shown a trend towards en hanced survival
in patients treated with tacrolimus[161]. The toxicity profile of
tacrolimus is similar to that of cylosporine (nephrotoxicity,
neurotoxicity, hypertension and diabetogenic potential) but
without the gingival hyperplasia and hirsutism commonly seen
with cylosporine[162].
     Mycophenolate mofetil (MMF) is another new agent that
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blocks purine metabolism by inhibiting inosine monophosphate
dehydrogenase in T and B lymphocytes[163]. The role of MMF
in liver transplant recipients remains to be fully defined but
initial reports suggest that when combined with tacrolimus
the incidence of acute rejection is reduced[164,165]. MMF
has haematological and gastrointestinal side effects but is
not nephrotoxic and may be useful in patients with
compromised renal function so that the dose of tacrolimus can
be reduced[166]. New immunosuppressants continue to be
developed and some are currently under eva luation including
sirolimus (inhibits action of IL2), basiliximab (chimeric IL2
receptor monoclonal antibody) and daclizumab (humanised IL2
receptor monclonal antibody)[167,168]. Polyclonal antibody
therapy that has previously b een used to treat steroid resistant
rejection has however, been rendered almost obsolete by
current immunosuppressant protocols. In our own centre the
current immunosuppression regimen is tacrolimus combined
with azathioprine and prednisolone, with steroid taper and
withdrawal over three months. MMF is used in place of
azathioprine to allow low dose tacrolimus regime ns in those
patients with renal impairment prior to transplantation and is
also used in place of azathioprine in those patients undergoing
retransplantation for chronic rejection.
     The available immunosuppressive options will continue to
increase and with it the permutations of immunosuppressive
regimens. This may make it difficult to effectively evaluate
individual regimens. Immunosuppression will however,
continue to be a balancing act, with over immunosuppression
culminating in toxicity, life threatening infections and
malignancy and under immunosuppression leading to rejection
and graft loss.

RETRANSPLANTATION
In our own series 10% of nearly 2000 liver transplants were
regrafts, although the proportion of patients requiring a regraft
is decreasing[169]. HAT accounts for 30% of regrafts, primary
non-function for 16%, chronic rejection for 31% and recurrent
disease for 6%, although the incidence of HAT and primary
non-function is decreasing and the incidence of recurrent
disease (PSC and HCV) is increasing[169]. Early re-transplantation
is technically straightforward and usually performed for HAT
or primary non-function. In an era of donor shortage and donor/
recipient number mismatch the role of re-transplantation has
been questioned but the outcome of re- transplantation is good
with survival rates only slightly worse than those achieved for
the first graft[170].

SURVIVAL
One-year survival rates for elective liver transplant in
patients with benign disease now exceed 90% in many centres,
with predicted 10 year survival rates expected to exceed
70%[102,171]. Patients transplanted for AFHF have a worse one-
year survival with higher post-operative death rates usually
related to cerebral complications and multi-organ failure.
Experienced centres have however, obtained one-year survival
rates of approximately 70%[172-174]. The long-term outcome for
patients undergoing liver transplant for AFHF is as good as
those transplanted for chronic disease. The increasing interest
in living related transplantation offers a new opportunity for
those patients with AFHF who cannot wait for a cadaveric
organ[175].  The outcome in children undergoing liver
transplantation is equally good, even in high-risk groups such

as children age under 1 year in whom donor organ shortage
might prevent grafting at the optimal time[75].
     Survival rates for patients grafted for primary liver cancer
(HCC) are less good however, patients transplanted for
asymptomatic lesions up to 3 cm in diameter have survival
rates close to those seen in patients grafted for benign disease[32].
In our own unit overall survival (including fulminant hepatic
failure) at one-year is 81% for adults and 86% for children
with different long-term survival depending on disease type
(Figure 4).

Figure 4 Survival following liver transplantation by disease type:
birmingham series 1988-2000.

THE FUTURE
The most serious issue currently facing liver transplant
physicians is the short fall in donor organs needed to meet
demand. This deficit is greater in the US than in the UK. If the
UK could increase its rates of organ donation to levels seen in
other European centres and split all livers that meet appropriate
criteria (approximately 25% of UK cadaveric organs) then
current organ demand could be met. Patient demand will
however, mean that increasingly transplant physicians will be
asked to justify why certain categories of patient are not
considered suitable for transplantation. The limited supply of
cadaveric organs allows these physicians to justify
transplantation criteria on the basis of the scarcity of this
resource. The continued success of living related liver
transplant programmes around the world is likely to lead to
increasing pressure to relax the criteria for liver transplantation
for those patients able to provide their ‘own’ source of suitable
transplant organs. This will require strict control and the
application of new National guidelines if the UK is to avoid an
expensive and potentially dangerous situation in the application
of universal standards of care. A successful UK living related
programme would certainly help to ease the deficit in urgent
organs for those with AFHF and could address the deficit that
currently exists for liver transplantation in chronic liver disease
but we believe that this should only occur after the UK has
exhausted the potential that is currently un tapped in potential
cadaveric organs.
      The use of genetically modified xenografts could be potential
major breakthrough for organ recipients but is not easily
applicable to liver failure patients and there remain many
biological and ethical obstacles before these organs become a
sustainable source[176].
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